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1 INTRODUCTION 
Rivers are considered as one of the providers of water and energy for the nature and the human. The 
provision of water has been the most important economical role of the rivers and the suitable design of a 
river intake is one of the oldest issues in hydraulic engineering. However, due to complexity of river 
flows, designing an intake in a natural river has remained as an important topic in the river engineering. 
The water diversion method depends on flow conditions, topology and morphology of river and 
economical considerations. The multitude of types of intake from rivers can be divided into lateral 
intakes, frontal intakes and bottom intakes (Raudkivi, 1993). In bottom intakes that are used mostly in 
mountainous rivers; the flow is diverted through a conduit installed underneath the river bed. Some parts 
or all of the length and width of the conduit in river bed are made as openings and water is unloaded into 
the conduit through these openings. Garot (1939) conducted experiments on the bottom intake with 
longitudinal bars as the horizontal grid. Other researches such as De Marchi (1947), Bouvard (1953), 
Kuntzmann and Bouvard (1954), Noseda (1956 a, b), Mostkow (1957), Brunella (2003), Righetti and 
Lanzoni (2008) and Maghrebi and Razaz (2009) have investigate different aspects of the bottom intakes 
with the reticular bottom. 
Problems such as clogging, corrosion, freezing, storage and discharge of sediment to the system limit 
the applicability of this type of intake (Castillo and Lima, 2010). These disadvantages caused the 
replacing the meshed conduit with a porous media to be advised. Naqhavi et al. (2010) studied the 
properties of bottom intake with the porous material experimentally. The efficiency of the porous bottom 
intake is also reduced via the sedimentation and reduction of the media transmissivity (Koorosh Vahid et 
al., 2010). Furthermore, the subsurface flow that is crucial in seasonal rivers of the arid and semiarid 
regions cannot be extracted using this intake. 
To diminish these problems a method (based on infiltration gallery idea) for diversion of surface and 
subsurface flow in the seasonal rivers has been implemented. In this type of intake a subsurface drainage 
system is buried in very porous media in the river bed. Although the subsurface drainage is an elder idea 
the hydraulic properties of this type of intake has been rarely investigated.  
In this study, the effective parameters on subsurface intake efficiency are experimentally investigated. 
Moreover, based on the hydraulic parameters and dimensionless groups obtained by dimensional analysis, 
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3 RESULTS AND DISCUSSION 
3.1 The effect of drain distance and upstream discharge 
As the first step, the diverted water from the drainage system was measured under different upstream 
discharges and drain intervals. It was observed that the drains flow rate changed along the model. The 
water head measured with the piezometers also varied along the model even where the uniform surface 
water depth existed. The flow rate from the central drains (drain No. 7 and No. 8 for two installation 
depth D= 30, and D= 50 cm, respectively) was evaluated in different upstream discharges and drain 
intervals that are depicted in Fig. 4. It is observed that increasing the drain intervals caused the drain flow 
rate to be increased. The greater drain interval in a constant model length led to the smaller number of 
drains and consequently the increased upstream discharge which introduced the greater flow rate. Note 
that the flow pattern was identical for the different upstream discharge and the significant difference 
between 60 cm and 150 cm drain interval was not observed in the all upstream discharges. The direct 
effect of upstream discharge on the drains discharge can be obviously observed in this figure.    
Figure 3. The central drain discharge in different drain intervals and upstream discharge 
The discharge relation for the central drain (indicated in Fig.2) (Fig. 4) obeyed from a logarithmic 
function and the flow rate reached a constant value depending on the media hydraulic conductivity and 
the drain conductance capacity. The great difference between 10 cm interval and other intervals can be 
related the side effect of the radial flow of the very close drains.   
Figure 4. The central drain discharge – flow rate relation for the central drain in different drain intervals for D=50 cm 
3.2 The effect of distance from the upstream 
The flow rate of each drain along the model in different upstream discharge and installation depth was 
presented in Fig. 5. The drain flow rate always reduced with different slope in length of model.  
0
10
20
30
40
50
60
70
80
0 40 80 120 160
q (ml/s) 
w(cm) 
Q= 1.6 L/s, D=30 cm
Q= 1.6 L/s, D=50 cm
Q= 1.2 L/s, D=30 cm
Q= 1.2 L/s, D=50 cm
Q= 0.8 L/s, D=30 cm
Q= 0.8 L/s, D=50 cm
Q= 0.4 L/s, D=30 cm
Q= 0.4 L/s, D=50 cm
R² = 0,9103 
R² = 0,9941 
0
10
20
30
40
50
60
70
80
0 0,5 1 1,5 2
q (ml/s) 
Q (L/s) 
w=10 cm
w=30 cm
w=40 cm
w=50 cm
w=150 cm
202
Figure 5. The drain discharge changes along the model in different flow rate and installation depth (w=10cm) 
The variation of the drain flow rate in different intervals for Q=1.2 L/s and D= 30 was shown in Fig. 6. 
As the interval increased the q variation along the model has decreased. It means that the flow rate of 
each drain was less influenced by the neighbor drains when the intervals were increased. Furthermore, 
there is a decreased parabolic trend of drainages discharge along the porous media length.  
Figure 6. The drain discharge variations along the model length for Q= 1.2 L/s and D= 30 cm in different drain intervals 
3.3 The relationships between effective parameters 
Based on dimension analysis and Buckingham theory two effective dimensionless variables were selected 
and related to each other as follows: 𝑞𝑘3𝜌𝐷𝑄𝜇𝑔𝑥 = ∅�𝑥𝐿�   (4) 
In this equation a dimensionless parameter involving the drain discharge, the hydraulic conductivity and 
upstream discharge is related to distance ratio. To obtain ∅ function in Eq. 4, a curve was fitted to the 
dimensionless variables (Fig. 7) based on least square analysis.  
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Figure 7. The variations of dimensionless drain discharge in different distance ratio 
The 70 percent of the experimental data were randomly selected for curve fitting and the last 30 % 
adopted for evaluation of the obtained equations. The statistical measures of the fitted model were 
tabulated in Table 1. Figure 8 shows the curves fitted to the experimental data in different upstream 
discharge. 
Table 1. Model Obtained from the fitted over 70% of the Experimental data 
Model Q Std. Error 
Residual 
Sum 
Residual 
Avg. 
RSS R2 Ra2 Variable Value 
Y=
a+
b/
x+
c/
x2
 
1.6 L/s 2.39×10-7 -9.37×10-21 -1.91×10-22 2.62×10-12 0.982 0.981 
a -2.61×10-7
b 4.15×10-7 
c 2.42×10-9 
1.2 L/s 4.77×10-7 -3.59×10-19 -7.19×10-21 1.07×10-11 0.948 0.946 
a -4.15×10-7
b 6.24×10-7 
c -6.21×10-9
0.8 L/s 5.50×10-7 0 0 1.30×10-11 0.962 0.960 
a -6.90×10-7
b 8.73×10-7 
c 4.26×10-10 
0.4 L/s 9.61×10-7 -1.36×10-20 -2.82×10-22 4.16×10-11 0.960 0.958 
a -1.88×10-6
b 1.71×10-6 
c -1.12×10-8
Figure 8. The curve fitted to 70% of the observed value in different upstream discharges 
To evaluate the goodness of the fitted curve, the equation was used to estimate the drain discharge of the 
30% of the experimental data (Fig. 9). It was revealed that the maximum discrepancy was less than 37%. 
This error was for the minimum upstream discharge (Q=0.4 L/s). 
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Finally, the achieved model can be expressed as Eq. 5. The equation constants (a, b and c) are shown in 
Table 1 for the different water heads. 
3 2(qk ) ( ) ( ) ( )D Q gx a b x L c x Lρ µ = + +  (5) 
The estimated discharges using Eq. 5 have been compared with the 30% of the observed value and good 
agreement was observed (Table 2). 
Table 2. Statistical measure for the comparison of the estimated drain discharges with 30% of the observed values 
Upstream Discharge (Q) d (Wilmot,1981) RMSE MAE elative  Error an Relative Error 
1.6 L/s 0.849 0.0136 0.0011 18.94% 
27.85% 
1.2 L/s 0.865 0.0127 0.0017 29.35% 
0.8 L/s 0.922 0.0123 0.0021 20.88% 
0.4 L/s 0.916 0.0148 0.0032 42.23% 
Figure 9. Comparison of the estimated drain discharges with the 30% of observed values 
4 CONCLUSION 
In this study a rather new method for surface and subsurface water diversion in the seasonal rivers of the 
arid and semi-arid regions was introduced. In this type of intake a subsurface drainage system is installed 
in a very porous media buried on the river bed. The effective parameters on water diversion efficiency of 
this type of intake were experimentally evaluated. It was shown that the water diversion mostly 
influenced by the upstream flow rate. The water head also varied along the porous media even when a 
constant upstream discharge existed. The very small drain interval caused the discharge of each drain to 
be reduced. It was also revealed that the total drained discharge in the very transmitting media was mostly 
controlled with the number of drain and drain interval did have a marginal effect. The regression 
equations were present to relate the effective parameters of the water diversion. This equation can be 
utilized to design the subsurface intake with a porous media. 
NOTATION 
ρ fluid density 
g gravity acceleration 
Sb bed slope φ roughness geometry function 
τ  total fluid stress 
z vertical coordinate 
µ  water viscosity 
q a drain flow rate 
Q upstream discharge 
n media porosity 
d50 the median diameter of the fill material 
k hydraulic conductivity  
R² = 0,6848 
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L length of porous media  
w lateral distance between drains  
D installation depth  
x distance from the media upstream 
dp drain diameter  
S0 the river bed slope 
Sl drain lateral slope 
Ad perforated drain opening area  
nf envelop resistance factor 
form installation form parameter  
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